Since its discovery in 1989,\[[@ref1]\] hepatitis C virus (HCV) has been associated with autoimmunity and extrahepatic manifestations.\[[@ref2]\] In studies among adult patients, the prevalence of autoantibodies in chronic HCV-infected patients varied from 25% to 66%,\[[@ref3][@ref4][@ref5][@ref6]\] Data on these topics in children are scarce, with the prevalence of non--organ-specific autoantibodies (NOSAs) varying from 8% to 65%.\[[@ref7]\] The most commonly detected autoantibodies in adults are anti-smooth muscle antibodies (ASMA), followed by anti-nuclear antibodies (ANA), and liver--kidney microsomal antibodies-1 (LKMA-1).\[[@ref8]\] Same is true for children, with ASMA prevalence varying from 5% to 51%, ANA prevalence from 0% to 10%, and LKMA-1 from 2% to 15%.\[[@ref8][@ref9][@ref10][@ref11]\]

The development of NOSAs is considered part of the natural course of chronic HCV infection in children.\[[@ref8][@ref9][@ref10][@ref11]\] Different mechanisms have been implicated in the development of NOSAs during chronic hepatitis C with clear evidence of altered immune system homeostasis in chronically infected patients.\[[@ref12]\]

The characteristic lymphotropism of HCV could be one of the basis of the increased production of autoantibodies. It has been hypothesized that HCV interacting with B lymphocytes can lower the B-cell activation threshold favoring autoantibodies production, and that HCV triggers autoimmune response via a molecular mimicry mechanism.\[[@ref7]\]

HCV can induce cellular injury determining the release of self-antigens that are normally protected from the immune system but when released are able to elicit an autoimmune response.\[[@ref13][@ref14]\]

Egypt has a very heavy burden of liver disease due to chronic HCV infection. According to the Egyptian Demographic Health Survey, 15% among the survey respondents had antibodies to HCV, whereas 10% were found to have active infection\[[@ref15]\] and 91% of the patients were infected with HCV genotype 4 (HCV-4).\[[@ref16]\]

Thus Egypt has a unique situation with HCV-4 as the prevailing genotype. We hereby aim to investigate the prevalence of non--organ-specific antibodies in a series of 80 Egyptian children with chronic HCV, along with studying the underlying genotype of HCV, and correlating autoimmunity with the epidemiologic, clinical, biochemical, and virologic features.

MATERIALS AND METHODS {#sec1-1}
=====================

Patients {#sec2-1}
--------

A prospective cohort study was carried out on 80 Egyptian children with chronic HCV infection from those attending the gastroenterology and hepatology outpatient clinic and inpatient ward, Department of Pediatrics, Faculty of Medicine, Zagazig University, Egypt, in the period from April 2012 to March 2013, fulfilling the following inclusion and exclusion criteria.

Inclusion criteria {#sec2-2}
------------------

Children aged 2 to 16 years.Confirmed chronic HCV infection by abnormal alanine aminotransferase (ALT) levels for \>6 months, histologic evidence of hepatitis in liver biopsy, serum positivity for anti-HCV, and HCV-RNA.

Exclusion criteria {#sec2-3}
------------------

Patients with serological evidence of co-infection with hepatitis B and delta-virus or with human immunodeficiency virus.Patients with other causes for their chronic liver disease.Patients with de-compensated liver disease.Patients with underlying systemic, metabolic, or autoimmune diseases or with positive family history of these diseases.

One hundred-twenty healthy children of matched age and gender served as controls. They were selected from children who are medically fit and attend the ordinary pediatric outpatient clinic for regular follow-up for growth and nutrition (the Well Child Clinic).

The study was approved by the research and ethical committee, Faculty of Medicine, Zagazig University. The parents of patients and controls signed written consents for the contribution of their children in the current study.

All patients and controls were subjected to full history taking, thorough clinical examination, and analysis of their sera to NOSAs.

Serological tests for detection of NOSAs {#sec2-4}
----------------------------------------

Sera were obtained from the whole blood of patients and controls. The serum samples were frozen at −20°C until the time of screening. All serological assays were performed by a single investigator under identical experimental conditions in a single laboratory. Patients' serum samples were taken at entry to the study. A strategy was put for those with negative results at initial testing to be repeated once more on follow up visits after 3 and 6 months in order not to miss any positive case, as it is well known that autoantibodies production is fluctuating.\[[@ref10]\]

Serum ANA, ASMA, and LKMA-1 were detected using indirect immunofluorescence on rat liver/kidney/stomach sections (6 wells) using the kit provided from DiaSorin^®^ (DiaSorin^®^ Deutschland GmbH - Dietzenbach, Germany).\[[@ref17]\] The FLUORO-KIT Test Systems were based on indirect fluorescent antibody technique. Patient serum samples were diluted (1:20) in phosphate-buffered saline and overlaid onto tissue cryostat sections fixed on a microscope slide. The slides were revealed using a fluorescein-labeled antihuman immunoglobulins. NOSAs were considered positive at titers of dilutions of ≥1:20.

ANA was tested by immunofluorescence at 1:20 dilution on HepG2 cells. It was recorded as positive when the nuclei of the liver cells, the nuclei within the distal and proximal kidney tubules, and the nuclei of both the parietal cells and chief cells in the stomach tissue gave apple green fluorescence.

ASMA was recorded positive when the muscularis mucosa and the muscularis externa of the stomach tissue as well as the muscle layer of the arterioles (V) that may be present in any of the tissue sections gave apple green fluorescence. ASMA was considered strongly positive (grade 3) if (\>1/80),\[[@ref18][@ref19]\] moderately positive (grade 2) if (1/80),\[[@ref18][@ref19]\] and weakly positive (grade 1) if (1/20 to 1/40).

LKM-1 was recorded positive when cytoplasm of liver and cytoplasm of kidney tubules gave apple green fluorescence.

Biochemistry {#sec2-5}
------------

Serum levels of aspartate aminotransferase (AST), ALT, alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (GGT), and serum gammaglobulins were measured.

Immunoglobulin (Ig) G, IgA, and IgM levels were measured using immunonephelometry using Siemens^®^ reagents on BN Propec (Siemens^®^, Dortmund, Germany).

Virologic assays {#sec2-6}
----------------

Serologic evidence of HCV infection was provided by detecting antibodies to HCV by third-generation enzyme-linked immunoassays (Ortho Diagnostic System Raritan, NJ, USA). HCV-RNA levels were obtained for all patients using a commercial quantitative polymerase chain reaction technique (PCR, Amplicor HCV, Roche Mannheim, Germany).

Hepatitis C virus genotyping {#sec2-7}
----------------------------

HCV-RNA-positive samples were genotyped using the HCV Real-TM Genotype kit (Sacace Biotechnologies S.r.l., Como, Italy) that detects different HCV genotypes 1a, 1b, 2, 3, and 4, following the manufacturer\'s instructions. Briefly, 5 μL of a sample of cDNA, 4 μL of Taq DNA Polymerase, and 6 μL of each PCR mix: (PCR-mix-1-FRT HCV 1b/3, PCR-mix-1-FRT HCV 1a/2, and PCR-mix-1-FRT HCV 4/IC) were distributed on a MicroAmp^®^ Optical 96-Well Reaction Plate (Applied Biosystems, Foster City, CA, USA). The PCR reactions were done in a 7500 Real-Time PCR System (Applied Biosystems).

Liver biopsy {#sec2-8}
------------

A liver biopsy specimen was obtained from all patients using Menghini technique. A single liver pathologist reviewed all tissue specimens without prior knowledge of autoantibody results. Liver biopsies were histologically studied and analyzed according to the Metavir and Ishak scores.\[[@ref20]\]

Statistical analysis {#sec2-9}
--------------------

Data were analyzed using SPSS (version 15.0., SPSS Inc., Chicago, IL, USA). Statistical analysis was performed using the Student\'s *t* test or Mann--Whitney test, corrected χ^2^ test or Fischer\'s exact test, where appropriate. The results were expressed as counts and percentages for qualitative variables and as means or medians and ranges for discrete variables. A *P* \< 0.05 was considered to be statistically significant.

RESULTS {#sec1-2}
=======

Characteristics of patients {#sec2-10}
---------------------------

Eighty children with chronic HCV infection were enrolled in the study. Thirty-four (42.5%) were males and 46 were females (57.5%). Age ranged from 2 to 16 years with mean ± SD; 7.27 ± 3.60 years. Forty-five patients (56.3%) had a history suggestive of parenteral route of acquiring HCV infection (ie, received blood transfusions for intercurrent diseases or surgery early in life or undergone surgery without transfusions, etc). Thirty (37.5%) had a mother with chronic hepatitis C (vertical transmission not documented). Five (6.2%) had not apparently been exposed to infection. None had a history of acute hepatitis \[[Table 1](#T1){ref-type="table"}\].

###### 

Epidemiological, clinical, and histological features of chronic HCV patients at entry into the study

![](SJG-19-262-g001)

HCV-RNA and genotyping {#sec2-11}
----------------------

Patients exhibited mean ± SD HCV-RNA levels of 97.85 ± 51.4 × 103 (range 15−210 × 10^3^) copies/mL. Serum viral levels of HCV-RNA did not vary significantly between NOSA-positive and -negative groups \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation of autoimmunity and biochemical characteristics of chronic HCV patients

![](SJG-19-262-g002)

Genotype 4, was the only detected genotype in the studied patients.

Prevalence of non--organ-specific autoantibodies {#sec2-12}
------------------------------------------------

ASMA was positive in 32/80 patients (40%); 18 females (56.3%) and 14 males (43.7%). ASMA titers ranged from 1:20 to 1:160, with V pattern in 100% of the ASMA-positive patients with no G (glomeruli) or T (tubules) patterns; (*P* \< 0.001).

ASMA was strongly positive in 10 patients (20%), moderately positive in 14 patients (28%), and weak in the rest of ASMA positive patients. None of the patients were positive to ANA or LKMA-l. All controls were negative to NOSAs.

Autoantibodies and features of liver disease {#sec2-13}
--------------------------------------------

The relationship between NOSAs and the main epidemiological and clinical aspects of chronic HCV patients on entry are shown in [Table 1](#T1){ref-type="table"}. There were no statistically significant differences in most of the parameters explored. Pallor was significantly high in NOSA-positive children, which may be explained by the statistically significant higher incidence of splenomegaly in these children.

Autoantibodies and biochemistry {#sec2-14}
-------------------------------

The details of correlations between autoantibodies and biochemistry are shown in [Table 2](#T2){ref-type="table"} and Figures [1a](#F1){ref-type="fig"}--[c](#F3){ref-type="fig"}. Patients with positive NOSAs had significantly higher total bilirubin, ALP, GGT, albumin, and IgG compared with NOSA-negative patients \[[Table 2](#T2){ref-type="table"} and Figures [1a](#F1){ref-type="fig"}--[c](#F3){ref-type="fig"}\].

![Comparison of mean values of bilirubin (total and direct) and proteins (total, albumin and globulin) in chronic HCV cases and controls](SJG-19-262-g003){#F1}

![Comparison of ALP and PT in chronic HCV cases and controls](SJG-19-262-g004){#F2}

![Comparison of ALT, AST, GGT, and PTT in chronic HCV cases and controls. HCV, hepatitis C virus; AST, aspartate aminotransferase; ALT, ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; PT, prothrombin time; PTT, partial thromboplastin time](SJG-19-262-g005){#F3}

[Figure 2a](#F4){ref-type="fig"} shows the receiver operating curve (ROC), which separated successfully cases of NOSA-positive cases from NOSA-negative cases by a cutoff threshold of 1773 mg/dL for IgG with sensitivity 94% and specificity 93%. In addition, [Figure 2b](#F4){ref-type="fig"} showed very strong correlation between ASMA grading and IgG level with *r* = 0.83, *r*^2^ = 0.7 (which means that one grade increase in ASMA will increase IgG level by 70%) (*P* \< 0.0001).

![(a) Receiver operating curve for IgG in NOSAs positive and negative patients; (b) correlation between IgG and ASMA grading in NOSAs positive and negative patients. IgG, immunoglobulin; ASMA, anti--smooth muscle antibodies; NOSAs, non--organ-specific antibodies](SJG-19-262-g006){#F4}

Autoantibodies and liver biopsy {#sec2-15}
-------------------------------

Liver biopsy showed evidence of chronic hepatitis ranging from minimal chronic hepatitis that prevailed mainly in NOSA-negative cases to mild-to-moderate hepatitis cases that was mainly present in NOSAs positive, highlighting that inflammation, hepatocellular necrosis, and fibrosis are more significantly pronounced in NOSA-positive HCV patients as compared with negatives. None of the patients had cirrhosis \[[Table 1](#T1){ref-type="table"}\].

DISCUSSION {#sec1-3}
==========

The current study revealed that HCV-4 is the prevailing genotype in Egyptian children with ASMA as the only NOSA detected in these patients. ANA and LKMA-1 were detected in none of the included patients.

It is known that chronic HCV infection is associated with autoimmunity. Recent experimental studies suggest hypothetical pathogenic explanations for the appearance of NOSAs in patients with HCV infection. The E2 envelope protein of HCV binds to CD81 on the surface of B lymphocytes, and this interaction promotes not only B-cell proliferation and clonal expansion, but it also lowers the B-cell activation threshold, thus favoring antibody production.\[[@ref13][@ref21]\] In addition, the identification of several significant homology motifs between HCV polyprotein and autoantigens,\[[@ref14]\] which may play a role in developing particular autoantibodies in patients with chronic HCV infection.\[[@ref11]\]

The few studies that have investigated NOSAs in chronic HCV adults. Studies in children are even much scarcer. To our knowledge, no adult or pediatric studies have been carried out on NOSAs in HCV-4 patients. The current study is the first study so far.

The prevalence of NOSA-positive chronic HCV patients in previous pediatric studies ranged from 8% to 65%.\[[@ref8][@ref9][@ref10][@ref11]\] In the current study, 32 patients (40%) had circulating NOSAs, a figure similar to that reported by Bortolotti *et al*.\[[@ref9]\] and Muratori *et al*.,\[[@ref11]\] whereas Gregorio *et al*.\[[@ref10]\] reported the highest prevalence, which might be partly explained by the low dilution used (1:10). However, Gehring *et al*.\[[@ref8]\] reported the lowest prevalence, which may be partly attributed to the higher dilutions used (1:40) and the geographic differences and, therefore, differences in genetic predisposition as Gehring\'s study is largely from Germany, whereas most of the other studies are from Italy.

In concordance with Bortolotti *et al*.\[[@ref9]\] and Muratori *et al*.,\[[@ref11]\] we used 1:20 screening dilution, which in our view is the most acceptable screening dilution in pediatric population.

ASMA was the most prevalent NOSA detected in previous pediatric studies (5-51%) followed by ANA (0-10%), and LKMA-1 (2-10%),\[[@ref8][@ref9][@ref10][@ref11]\] as shown in [Table 3](#T3){ref-type="table"}. ASMA-V was the only detected in our cohort; none had G or T types. ANA and LKMA-1 were not detected in any patient. These findings were unique as compared with other studies.

###### 

Studies investigating the prevalence of non-organ\--specific autoantibodies in children with chronic hepatitis C

![](SJG-19-262-g007)

Because ASMA is the serological marker of type-1 autoimmune hepatitis (AIH), one of the major diagnostic dilemmas that researchers face is to distinguish children with true AIH infected by HCV from patients with chronic HCV and associated HCV-induced autoimmunity. We based our differentiation between these two entities on clinical, serological, and antigenic specificity of ASMA with application of the revised AIH scoring.\[[@ref22]\] All included autoantibody-positive HCV patients had a mild asymptomatic disease, without a history of acute onset. In AIH severe liver disease is often associated.\[[@ref23]\] Another important point was that ASMA levels were lower than those usually associated with AIH-1, never exceeding 1:160. ASMA always reacted only with vessels rather than actin, sparing glomerular and tubular structures, which are additional targets in AIH type 1.\[[@ref24]\] On application of the revised AIH scoring\[[@ref22]\] at entry to the study, eight patients were in the probable category. On follow-up visits, none proved to be definite. Splenomegaly and increased gammaglobulins, typical of autoimmune hepatitis, were more common in autoantibody-positive than -negative cases.

As shown in [Table 3](#T3){ref-type="table"}, there is heterogeneity of the prevalence of NOSAs among different studies. This could probably be due to technical differences in the laboratory methods used. Higher percentage was observed in studies using lower dilution thresholds of positivity\[[@ref10][@ref11]\] and more sensitive laboratory methods.\[[@ref10]\] We used 1:20 dilution similar to that used by Bortolotti *et al*.,\[[@ref9]\] which was intermediate between those who used lower (1:10)\[[@ref10][@ref11]\] and higher (1:40)\[[@ref8]\] dilutions.

The high incidence and the detection of ASMA alone with the absence of ANA and LKMA-1 in the current study can be probably attributed to ethnicity, immunogenetics, or to the viral genotype prevailing in Egypt, HCV-4, which was not studied in any of the published studies in the literature in English.

In the studies of Gregorio *et al*.\[[@ref10]\] and Muratori *et al*.,\[[@ref11]\] children with chronic hepatitis C were enrolled together with children with chronic hepatitis B and with other chronic liver diseases as controls. Overall, NOSAs were more common in children with chronic hepatitis C than in children with other liver disorders of similar severity, suggesting that the presence of autoantibodies is not just a consequence of the chronic liver damage and that HCV infection plays a pivotal role.

We did not find any significant difference in epidemiological data of NOSA-positive and -negative patients. Among clinical data, pallor and splenomegaly were significantly higher in autoantibody-positive group as compared with the negatives, which are two findings associated with most of the autoimmune phenomena.

Interestingly, comparing biochemical parameters revealed highly significant correlation between autoantibody positivity and total bilirubin, albumin, ALP, GGT, and IgG as compared with the negative group \[[Table 2](#T2){ref-type="table"} and Figures [1a](#F1){ref-type="fig"}--[c](#F3){ref-type="fig"}\]. In 2008, Hennes *et al*.\[[@ref25]\] reported that an IgG level of 1.44-fold greater than normal was found to be the best diagnostic predictor of AIH and can differentiate it from infectious hepatitis. This means that IgG is highly linked to autoimmunity based on that, the current study added the cutoff level between NOSA-negative and -positive cases, in such a way cases with IgG level above 1773 mg/dL is a good predictor for detection of NOSA-positive cases with sensitivity 94% and specificity 93% \[[Figure 2a](#F4){ref-type="fig"}\], which was very similar to Fallatah and Akbar\[[@ref26]\] data. In addition, we found that IgG level could predict grading of ASMA positivity \[[Figure 2b](#F4){ref-type="fig"}\].

The clinical significance of NOSAs in the course of chronic hepatitis C is still debated.\[[@ref14]\] The real challenge for clinicians and scientists is to understand whether and to what extent HCV-induced autoimmunity contributes to liver damage. Some hypothesized that NOSAs could be considered a simple consequence of hepatocellular damage without pathogenic significance. Others believed that they could have pathogenic implications in liver damage.\[[@ref27][@ref28]\] We agree with the latter opinion, supported by the significantly high IgG, ALP, and GGT in the positive group associated with the presence of mild-to-moderate hepatitis on histopathological assessment in 78% of NOSA-positive patients compared with 12.5% in the negative group.

CONCLUSION {#sec1-4}
==========

Chronic HCV is highly immunogenic in children with variable NOSAs. HCV-4 is the prevailing genotype in Egyptian children with chronic HCV infection. The prevalence of ASMA-V and the absence of ANA and LKMA-1 might be related to the unique situation in Egypt with the unique prevalence of genotype 4. A cutoff threshold of 1773 mg/dL for IgG can predict ASMA positivity in HCV patients with very high sensitivity and specificity. There is a very strong correlation between ASMA grading and IgG level. One grade increase in ASMA will increase IgG level by 70%. This could suggest the use of IgG which is an easy to measure cost-effective parameter, as a screening and predictor of autoimmunity with HCV.

More studies on a larger population are needed to validate our findings. The current study will open the field for more studies on genotype-4-HCV, which is still understudied due to its prevalence in developing countries where research is still struggling.

Finally, one question remains unanswered, which is whether the Egyptian race plays a hidden role in these findings, or is it completely attributable to HCV genotype 4?

**Source of Support:** Nil

**Conflict of Interest:** None declared.
